The reaction of RuCl 2 (PPh 3 ) 3 with benzonitrile has been investigated in toluene. When excess benzonitrile is employed cis-RuCl 2 (PPh 3 ) 2 (NCPh) 2 is obtained and has been characterized by Xray diffraction. This contrasts to acetonitrile which yields trans-RuCl 2 (PPh 3 ) 2 (NCMe) 2 . With excess RuCl 2 (PPh 3 ) 3 a triply chloro bridged diruthenium compound (PPh 3 ) 2 (Cl)Ru(μ-Cl) 3 Ru(NCPh)(PPh 3 ) 2 is obtained. A dark red crystalline side product, formed during the preparation of RuCl 2 (PPh 3 ) 3 , is identified as [Ph 3 PMe][RuCl 4 (PPh 3 ) 2 ] by low temperature crystal structure determination with better precision than previously reported. In each case, the Ru atom presents octahedral coordination geometry.
Introduction
The hydrolysis of nitriles produces amides and carboxylic acids [1, 2] . Such reactions are of considerable synthetic significance and efficient catalysts can be found among the complexes of the platinum block metals [1] . In these processes the catalytic metal center coordinates one or several nitriles and facilitates subsequent hydrolysis, the details of which depend on the stereochemistry of the nitrile complex. Thus, cis-dinitrile complexes often undergo hydrolytic nitrile coupling, which cannot occur in trans-complexes [1] . There a number of examples of group 8 halide complexes that catalyze these reactions [1] and we are interested in establishing bis nitrile halide complexes with various nitrile stereochemistries.
In fact, six-coordinate bis-phosphorus-, bis-nitrogen donor complexes of group 8 metal dihalides are frequently encountered with tethered ligands that clearly influence if cis or trans coordination is accessible. Indeed out of 214 structures reported in the Cambridge Crystallographic Data Base (CCDB), only eight structures have monodentate ligands exclusively [3] . Out of these eight compounds, six involve pyrazoles as N-donor ligands [3] . Only two nitrile structures, one cis [4] and one trans [5] have been reported, both with acetonitrile and both with chlorides and both on ruthenium.
In 1969 Wilkinson reported that RuCl 2 (PPh 3 ) 2 (NCR) 2 can be obtained from the reactions of RuCl 2 (PPh 3 ) 3 with excess nitrile carried out in acetone [6] . In his paper, 14 nitriles were investigated and the products characterized by IR spectroscopy and chemical analysis. In all cases two bands in the CN stretching region were observed. While the stereochemistry of all of these was not individually discussed, both the acetonitrile and acrylonitrile complexes were assigned as cis-RuCl 2 (PPh 3 ) 2 (NCR) 2 . It is reasonable to postulate that the remaining examples also have cis structures. However, when corresponding reactions of acetonitrile and acrylonitrile are carried out in toluene the products show only a single CN stretching vibration. Wilkinson concluded that trans-RuCl 2 (PPh 3 ) 2 (NCR) 2 is formed in these reactions. More recently cis-RuCl 2 (PPh 3 ) 2 (NCMe) 2 was obtained and structurally characterized from the reaction carried out in ethanol followed by crystallization from acetonitrile [4] . While there are no X-ray structures of trans-RuCl 2 (PPh 3 ) 2 (NCR) 2 , there are several closely related complexes that have been structurally characterized. The PPr i 3 and P(OMe) 2 Ph analogs were isolated from the reactions of [RuCl 2 (p-cymene)] 2 with PPr i 3 and MeCN in toluene [5] and [RuCl 2 (COD) 2 (NCMe) 2 ] 2 and P(OMe) 2 Ph in MeCN [7] , respectively. Based on these reports, it seemed possible that trans-RuCl 2 (PPh 3 ) 2 (NCR) 2 might be accessed from reactions carried out in toluene. In related chemistry, the reaction of excess RuCl 2 (PPh 3 ) 3 with nitriles has not been reported. However, crystals of (L) 2 (Cl)Ru(μ-Cl) 3 Ru(NCMe)(L) 2 (L = Diphenyl-2-indolylphosphine) were isolated during attempted recrystallization of RuCl 2 (L) 3 from acetonitrile. While the structure was reported, no further characterization has appeared [8] .
Because of the paucity of examples of bis monodentate nitrile, bis monodentate phosphine ruthenium (indeed any group 8 metal) dihalide complexes, especially those with trans ligands, we decided to revisit the chemistry of dichloro-tris-(triphenylphosphino)ruthenium(II) with a different nitrile, benzonitrile.
Experimental Section
2.1. General Procedure. All manipulations were conducted under inert N 2 or argon atmospheres using standard Schlenk line and glove box techniques. Solvents were dried using an Innovative Technology, Inc. solvent purification system. RuCl 2 (PPh 3 ) 3 was synthesized using the published procedure [9] . NMR spectra were obtained using a Bruker Avance DRX-400 NMR and Bruker Avance DRX-300 NMR with all chemical shifts reported in ppm. IR spectra were obtained by KBr pellets using a ThermoNicolet Avatar 370 FT-IR between 4000 cm -1 and 400 cm -1 . Melting points were obtained using a Mel-Temp Electro-thermal apparatus with all samples being prepared in the glove box. Elemental Analysis was performed by Galbraith Laboratories, Knoxville, TN.
Synthesis of cis-RuCl 2 (PPh 3 ) 2 (NCPh) 2 :
Wilkinson prepared cis-RuCl 2 (PPh 3 ) 2 (NCPh) 2 by the reaction of RuCl 2 (PPh 3 ) 3 with NCPh in acetone and characterized it by elemental analysis and infrared spectroscopy [1] . In our hands this compound can also be obtained by the reaction in toluene. A 0.099g (0.10 mmol) sample of RuCl 2 (PPh 3 ) 3 was added to 0.032 mL (0.033 g, 0.32 mmol) of NCPh in 2 mL toluene. The resulting mixture was stirred rapidly for several seconds and immediately filtered. After 3-6 hours at room temperature yellow crystals began to form.
After about 24 hours the supernatant was removed and the yellow crystalline higher than triclinic was observed for RuCl 2 (PPh 3 ) 2 (NCPh) 2 and solution in the centrosymmetric option yielded chemically reasonable and computationally stable results of refinement. The data sets were treated with absorption corrections based on redundant multiscan data [11] . The structure was solved using direct methods and refined with full matrix, least-squares procedures on F 2 [12] . The absolute structure parameter for [CH 3 PPh 3 ][RuCl 4 (PPh 3 ) 2 ] refined to nil indicating the true hand of the data had been determined. Two molecules of toluene solvent were found cocrystallized disordered in the asymmetric unit with RuCl 2 (PPh 3 ) 2 (NCPh) 2 having each toluene molecule modeled in two positions, treated with equal anisotropic atomic displacment parameters for chemically equivalent atoms and constrained idealized geometry with refined site occupancy ratios of 64/36 and 54/46. Two molecules of acetone solvent were found cocrystallized in the asymmetric unit with Ru 2 Cl 4 (PPh 3 ) 4 (NCPh) and were treated as idealized rigid groups [13] having anisotropic, three-dimensional rigid bond constraints. All non-hydrogen atoms were refined with anisotropic displacement parameters. All hydrogen atoms were treated as idealized contributions. Scattering factors and anomalous dispersion coefficients are contained in the SHELXTL program library [12] . Molecular graphics were obtained using Mercury CSD [14] . The crystallographic information files have been deposited as CCDC 1413994-1413996.
These data can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44 1223 336033; email: deposit@ccdc.cam.ac.uk).
Results and Discussion

The Reaction of RuCl 2 (PPh 3 ) 3 with excess NCPh
Based on Wilkinson's observation that the reactions with excess of NCMe or NCCH=CH 2 with RuCl 2 (PPh 3 ) 3 in toluene lead to trans-RuCl 2 (PPh 3 ) 2 (NCR) 2 [6] , we anticipated that a corresponding trans isomer would form with NCPh. However, the reaction of RuCl 2 (PPh 3 ) 3 with approximately 3 equivalents of NCPh in toluene exclusively yields cis-RuCl 2 (PPh 3 ) 2 (NCPh) 2 , in good yield, displaying the characteristic IR spectrum with two medium peaks at bands in the C≡N stretching region consistent with a cis nitrile as confirmed by an X-ray crystal structure. We attempted the reaction a number of times and always obtained the cis isomer. In fact, we obtained no evidence for the trans complex in solution as NMR spectra obtained immediately after mixing the reagents was the same as that obtained on crystalline cis-RuCl 2 (PPh 3 ) 2 (NCPh) 2 We also have seen no indication of the cis isomer isomerizing to trans as the nmr spectra of samples in sealed nmr tubes remain unchanged over several weeks .
1
The structure of cis-RuCl 2 (PPh 3 ) 2 (NCPh) 2 (Fig. 1) shows nearly octahedral coordination about the Ru. The greatest deviations from the idealized 90 o cis bond angles is N-Ru-N, 86.12 (12) [15, 16] .
The Reaction of excess RuCl 2 (PPh 3 ) 3 with NCPh
Consistent with Wilkinson's report, we were also able to obtain cis-RuCl 2 (PPh 3 ) 2 (NCPh) 2 from reactions of RuCl 2 (PPh 3 ) 3 with excess NCPh carried out in acetone. However, when an excess of RuCl 2 (PPh 3 ) 3 is employed a diruthenium complex, (Ph 3 P) 2 (Cl)Ru(-µ-Cl) 3 Ru(NCPh)(PPh 3 ) 2 , is obtained.
2
The darkly colored material shows a single IR band in the C≡N stretching region and exhibits a second order ABCD 31 P spectrum, which indicates four non-equivalent phosphorus centers. The fact that P A couples to both P C and P D with an approximate 2 Hz coupling constant and P B couples with P D with a similar value indicates that all four phosphorus atoms are in the same molecule. These data are consistent with a diruthenium species and with the crystal structure (Fig. 2) which shows the product to be a mono-benzonitrile adduct (Ph 3 P) 2 (Cl)Ru(-µ-Cl) 3 Ru(NCPh)(PPh 3 ) 2 . Although the CCDB shows 58 examples of compounds containing a (R 3 P) 2 Ru(-µ-Cl) 3 Ru(PR 3 ) 2 trichloro bridged diruthenium unit [15, 16] and although nitrile containing trichloro compounds have been proposed based on spectroscopic and chemical analysis when chelating diphosphines are employed [17] , this is the first reported structure of a trichloro-bridged phosphine diruthenium nitrile complex that persists in solution.
The geometry of the (Ph 3 P) 2 (Cl)Ru(-µ-Cl) 3 Ru(NCPh)(PPh 3 ) 2 molecule consists of two distorted octahedral ruthenium centers joined by a triple chloride bridge. Thus, the structure can be considered to be composed of face sharing octahedra. The P-Ru-P and P-Ru-Cl bond angles involving a phosphorus are normal and the Ru-Cl-Ru angles are near the mean distance of 82(3) o of those of the 210 compounds in the CCDB that contain a Ru(µ-Cl) 3 Ru unit [15, 16] . In the only similar nitrile complex, (L) 2 (Cl)Ru(μ-Cl) 3 Ru(NCMe)(L) 2 L = Diphenyl-2-indolylphosphine, the NMR spectrum consists of "a number of poorly resolved signals" that was interpreted to indicate that the compound converts to a number of species in solution [8] . Clearly (Ph 3 P) 2 (Cl)Ru(-µ-Cl) 3 Ru(NCPh)(PPh 3 ) 2 does not exhibit similar behavior.
Redetermination of the X-Ray Crystal Structure of [Ph 3 PMe][RuCl 4 (PPh 3 ) 2 ] .
RuCl 2 (PPh 3 ) 3 was prepared by the reaction of RuCl 3 . 3H 2 O with excess PPh 3 in refluxing methanol. Following filtration to isolate the precipitate of RuCl 2 (PPh 3 ) 3¸ orange crystals occasionally grew from the supernatant. A low temperature X-ray crystal structure determination identifies this side product to be the previously reported [Ph 3 PMe][RuCl 4 (PPh 3 ) 2 ] (Fig. 3) which is included herein for improved precision [18] . Although, the mechanism for formation has not been studied either by Polam and Porter or by us, a simple nucleophilic substitution reaction by triphenylphosphine on methanol to form the methyltriphenylphosphonium ion accompanied by association of two triphenylphosphines and a chloride to form the tetrachlorobis(triphenylphosphine)ruthenium(III) anion would be logical.
We have revisited triphenylphosphine ruthenium nitrile chemistry and supplied crystallographic evidence consistent with and in support of the earlier spectroscopy. In doing so, we have extended the investigation to reactions involving excess RuCl 2 (PPh 3 ) 3 where a solution stable triphenylphosphine diruthenium nitrile complex forms. 
